Aim: The purpose of this study was to verify the association between the facial type and the morphology of the upper central incisor, to potentially provide a guide for artificial tooth selection in esthetic and prosthetic rehabilitation.
INTROdUCTION
The concern about facial esthetics has followed the development of civilizations that have always used the face as the representative ideal of beauty as a reference. 1 Smile is considered an important part of this standard of beauty. The smile harmony involves since its amplitude until the proportion with facial lines, color, and shape of the teeth as well as gingival exposure and contour. 2 In relation to tooth shape, it is fundamental to know the anatomical characteristics of the dental crown, especially of the anterior teeth, aiming to conduct the different kinds of oral rehabilitation in equilibrium with the face. 3 Given the lack of records previous to tooth loss, several parameters have been proposed to select the shape and size of the tooth. 4 Among the theories intending to determine the shape of the upper central incisor, by means of facial measurements, the Berry Theory (1906) sought for the similarity between the morphology of the upper central incisor and the facial shape. 4 In 1914, Williams 5 classified the face morphology into triangular, quadrangular, and oval, and suggested that the upper central incisor should be selected according to the basic geometric shapes of the facial contour. Such association, although subjective, was adopted by several authors and still is a model used for presentation of artificial teeth by the manufacturers. [3] [4] [5] [6] Despite of this, Sellen et al 7 stated that there is not a necessary relationship between the face and teeth morphology, and other aspects should be considered for the selection of tooth shape. In order to characterize the face, the craniofacial growth may be described and quantified by presenting dimensional, angular and topographic individualities. The facial skeletal pattern, frequently referred as facial type, when is radiographically analyzed, may be classified into dolichofacial (longer and narrower face), brachyfacial (shorter and wider face) and a intermediary category, the mesofacial. 8 The facial morphology is early defined and maintained during the growth, setting the genetic control on determining the skeletal framework.
9,10
The lack of consensus in literature about a direct method using reliable anatomical parameters for selecting artificial teeth, led to this study, in order to test the hypothesis that facial skeletal pattern has a relationship with upper central incisor morphology.
MATeRIALS ANd MeThOdS

Participants and Research Criteria
This is an analytical observational study approved by the Research Ethics Committee of UMESP, São Bernardo do Campo, Brazil (protocol number 301919-09), developed with cast models and lateral teleradiographs of 95 individuals, selected from 13,618 preschool students, with natural normal occlusion (presence of at least four of the six Andrews 11 keys for optimal occlusion). This sample derived from a file of 95 pairs of dental cast models and 95 lateral teleradiographs of Brazilian individuals, Caucasian, being 41 males and 54 females. It was included in the study, the cast models of individuals above 15 years old, without craniofacial malformations, no important facial asymmetries, without odontogenic anomalies, with upper and lower incisors intact and healthy, and with all permanent teeth in occlusion, except for the third molars, and no history of previous orthodontic treatment. Models that presented a laboratory error and fractured teeth, hindering the localization of the landmarks, as well as opaque teleradiographs that hampered the cephalometric tracing, were excluded from the sample.
Methods
In order to define the vertical facial skeletal pattern (facial type), the following cephalometric landmarks were used: N (nasion), S (sella), Go (gonion), Gn (gnathion). From the landmarks, we achieved the following angular measurements: SN.GoGn-angle between the planes SN and GoGn. Standard 12 preset: 32°, with variation of plus or minus 5°;
and SN. Gn-angle formed between the lines SN and SGn. Standard 13 preset: 67º, with variation of plus or minus 3º
(Figs 1A to C). After obtaining the angular measurements (SN.Gn and SN.GoGn), the sample was classified into dolichofacial (SN. Gn equal to or higher than 70.1°), mesofacial (SN.Gn from 64.1°-70°) and brachyfacial (SN.Gn equal to or lower than 64°), according to Steiner, 13 and into dolichofacial (SN.
GoGn equal to or higher than 37.1°), mesofacial (SN.GoGn from 27° until 37°) and brachyfacial (SN.GoGn equal to or lower than 26.9°), according to Riedel. 12 After classifying the facial type, the sample was modified again aiming to set apart the coincident facial types, that is, when both SN.Gn and SN. GoGn indicated the same pattern. The individuals that did not achieve the coincidence of measurements were excluded from the sample, thus resulting in 51 individuals. This final sample presented the mean age of 16 years and 6 months, ranging from 15 years and 2 months to 19 years and 4 months, being 21 (41.2%) males, and 30 (58.8%) females.
The 51 cast models were digitized (Dental Wings Scanner, dw5-140, Dental Wings, Inc, Montreal, Canada) and the obtained images were treated with a vectorial software (Corel Draw X3, Corel, Ottawa, Canada) for later analysis. Onto the image of each model, the upper right central incisor was enlarged to the size of 10 cm, for standardization and better analysis accuracy. To improve the visualization, a negative image was created, with dark background (Figs 2A to D) .
Each image was arranged in the center of a white paper sheet (8.27 × 11.69 inches) with 90 g/m 2 , under pre-established models of dental crown that comprised an album. On each page, it was presented the dental models classified into quadrangular, oval and triangular. After that, we distributed individually to 12 previously trained dentists, one album containing all crown images. It was requested them to tick the shape most matching the presented crowns. After 1 week, the material was gathered by the responsible researcher.
Statistical Analysis
For data analysis, we evaluated the error of the method, by performing a second cephalometric landmark on the image of 20 teleradiographs randomly selected. The approximate interval between the first and the second assessment was 2 weeks.
In order to test the systematic error, it was used the paired t-test, adopting the significance level of 5%. In determining the casual error, it was used the Dahlberg formula. To verify the concordance between the evaluators when classifying the morphology of the upper central incisor, the Kappa test was applied, and interpreted according to Landis and Koch (p < 0.05). A possible association between the facial type (dolichofacial, mesofacial and brachyfacial), and the morphology of the central incisor (quadrangular, oval and triangular) was checked by the chi-square test. For all statistical tests, the significance level was set at 5%.
ReSULTS
According to Landis and Koch, the concordance value between the evaluators was moderate (0.52). Considering the evaluators conclusion, the dental crown shapes were determined by concordant results obtained by the majority. The chi-square test evidenced no significant difference between the facial type and the teeth shape (Table 1) .
dISCUSSION
The ideal shape of teeth is important not only for the functional and biological rehabilitation, but also a parameter to be sought aiming a pleasing esthetics, in harmony with the face of the patient prosthetically rehabilitated. Considering this, it is necessary to search objectively the possible relationships among the several variables in the orofacial complex, with the purpose to find strong associations that may increase the final predictability of the dental treatment. Selecting the artificial teeth shape is considered a challenge for the professionals that seek using scientific resources in the prosthetic rehabilitation of edentulous patients with no previous records of the teeth shape. Subjective criteria, such as temperament 4 and face shape, 3, [5] [6] [7] added to the patient ethnicity 4 and sex, although widely used, are not always enough to fulfill the esthetic expectation of the patients. Several studies have been proposed to find more objective criteria that could ease the selection of artificial teeth. Hasanreisoglu et al 14 (2005) observed that the dimensions of the bizygomatic and interalar widths may assist in the selection of ideal width of upper front teeth, particularly in women. Petricević et al 15 (2005) verified that the width and height of the upper central incisor may be calculated from the bone palate measurements, and that the width of the hamular notch corresponds to the width of six upper front teeth. Al-Khatib et al 16 (2007) found a significant correlation between the teeth size with the dental arch dimensions. Nevertheless, no study proposed to exactly verify the teeth shape, but only the teeth dimension and the relationship with other dimensions of the orofacial complex. The purpose of this study was to verify any relationship between the facial type (determined by cephalometry) and the morphology of the upper central incisive.
JCDP
The computerized cephalometric analysis allowed a careful analysis of the obtained angles through landmarks
located in the lateral teleradiograph, providing an accurate information as for the desired angle. These angles may lead to distinct diagnoses in the determination of the facial type. [17] [18] [19] In order to minimize the chance of diagnosis error, it was used in this study, the Riedel 12 and Steiner 13 analyses to determine the facial skeletal pattern. In this study, the SN.GoGn and SN.Gn angles were used, once the SN.GoGn angle reveals the relationship between the mandibular base and cranial base, and the SN.Gn angle defines the resultant vectorial of the anterior and inferior growth of the mandibular, also known as Y growth axis. These two measurements interpreted together allow the perception of the actual direction of the facial growth vector, 20 besides using easily located landmarks, reducing the margin of error. The 3D digitizing device used in the models in this study produced precise images of dental anatomy that could be easily distorted by photographic records. These images were subjected to several comparisons between different expert professionals, which classified them into three basic shapes (quadrangular, triangular and oval), as suggested by several authors. [4] [5] [6] 21 In relation to the sex, studies have affirmed that men have dental arch 16, 22 and teeth larger than women. 16 Souza et al 6 (1997) , evaluating a population of women between 20 and 25 years old, have observed the triangular shape of the upper central incisor as the most common (45.9%), followed by quadrangular (40.5) and oval (13.6). Brunetto et al 23 (2011) registered that the oval shape was the most prevalent in both sexes. However, the triangular shape was most common in men and the quadrangular in women. Paranhos et al 21 (2010) found the majority being oval (47.06%), followed by quadrangular (31.37%) and triangular (21.57), disregarding the sex. Studies with twins showed that the tooth crown size is determined by the genetics, 24 once the size of the teeth, as well as of the jaws, are linked to the genome, and may lead to the appearance of dental crowding and spacing. Therefore, the tooth size appears to have a positive association with the arch shapes. 25 This could be used as a criteria to determine tooth morphology, in rehabilitation cases. In the present study, although the results had no significant difference, there was a greater incidence of the oval shape in mesofacial type subjects. Corroborating this, Halazonetis, 26 in 2007, observed that the facial type was correlated to the position of the incisors lower edge, being shorter, longer or oval. Therefore, it was observed that the tooth size may be determined by a combination of genes coming from the parents, as well as the maxillary size.
The relationship between the size of the central incisor and the facial type was previously studied, but it was only confirmed that dolichofacial individuals presented longer teeth than mesofacial individuals, due to the roots size. 27 Berksun et al, 28 using standardized digital photographs, sought to verify a subjective correlation between the facial morphology and the dental arch and the tooth shape, however, they found a not high correlation.
The data of the present study evidenced no significant statistical association between the facial type and the tooth morphology. The methodology employed must be considered: individuals with optimal occlusion the ethnic composition of the sample, and the measurements used.
CONCLUSION
Using the facial type (SN.GoGn and SN.Gn) as a way to select the morphology of the upper central incisor proved to be inadequate, considering the methodology and population included in the present study.
